Role of the hidden charm $N^*_{c\bar{c}}(4261)$ resonance in the $\pi^-
  p \to J/\psi n$ reaction by Ouyang, Zhen & Zou, Li-Ping
ar
X
iv
:1
51
2.
02
13
0v
1 
 [h
ep
-p
h]
  7
 D
ec
 20
15
Role of the hidden charm N∗
cc¯
(4261) resonance in the pi−p→ J/ψn reaction
Zhen Ouyang1, ∗ and Li-Ping Zou1, 2
1Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, China
2Institute of Basic Sciences, Konkuk University, Seoul 151-747, Korea
(Dated: September 5, 2018)
We employ an effective Lagrangian approach and isobar model to investigate the role of the
N∗
cc¯
(4261) resonance with hidden charm in the pi−p → J/ψn reaction. The total and differential
cross sections of this reaction are predicted by including contributions from both N∗
cc¯
(4261) and
nucleon pole. It is found that the maximal value of the total cross section can exceed 11 µb and a
clear N∗
cc¯
(4261) peak is visible there, well distinguished from background. As center-of-mass energy
increases to about 4.8 GeV, the background makes the differential cross section for backward angles
rather different. Our theoretical results would provide valuable information for looking for the
N∗
cc¯
(4261) resonance in future experiments.
PACS numbers:
I. INTRODUCTION
In the conventional quark model, all established baryons are regarded as three-quark (qqq) configurations. However,
in principle, the fundamental theory of the strong interaction QCD indeed allows existence of the non qq¯ and qqq
states which are beyond the quark model and called exotic states. In fact, some scientists have already suggested
certain baryon resonances to be meson-baryon dynamically generated states [1–7] or states with large pentaquark
(qqqqq¯) components [8–10], which could cure various problems and difficulties that people meet when they applied
the constituent quark model to explanations of experiments. Thus, it is very necessary to distinguish these proposed
exotic baryons from those three-quark (qqq) states predicted in diverse quenched quark models. The case is more
complicated in the light flavor sector. Since all the baryon resonances generated in various models mentioned above
are composed of light quarks, no matter three or five constituent quarks, hence they have masses around the same
energy region. In addition, all these models always have some tunable ingredients to fit the experimental data. As
a consequence, it is hard to discern the correct ones from so many model predictions and nail down the structure of
these baryon resonances. The situation will be very different for the hidden charm baryons with the figures qqqcc¯.
Recently, the authors of Refs. [11, 12] predicted a series of hidden charm N∗ and Λ∗ resonances with masses above 4.2
GeV and widths smaller than 100 MeV, which are dynamically generated by using the dynamics of the local hidden
gauge Lagrangians in combination with the coupled-channel unitary approach. In this paper we will concentrate on
one of them, namely the N∗cc¯(4261) resonance, which was also predicted under the consideration of heavy quark spin
symmetry in Ref. [13]. Since the N∗cc¯(4261) resonance with hidden charm has a much larger mass than normal N
∗
resonances, which implies large cc¯ components in the N∗cc¯(4261), and a relatively small width, it definitely cannot be
accomodated by the conventional quark models.
In view of the intriguing and distinctive features of the N∗cc¯(4261) resonance, it is meaningful for us to ask the
question where we can search for it. In Refs. [11, 12] where Wu et al. presented the first prediction of the N∗cc¯(4261),
they have simultaneously proposed to produce this hidden charm baryon with proton-antiproton collisions in the
scheduled experiments at PANDA/FAIR. After estimating the production cross sections of the N∗cc¯(4261) resonance
in the p¯p → p¯pηc and p¯p → p¯pJ/ψ reactions, they concluded that it could be observed by the PANDA/FAIR.
Huang et al. [14] studied the discovery potential of this N∗cc¯(4261) resonance at JLab 12 GeV and after detailed
calculations, unfortunately, they found that it is difficult to look for N∗cc¯(4261) in photoproduction due to extremely
large background.
In the near future, the pion-proton scattering experiments will be carried out at J-PARC which is expected to
provide pion beam of energy over 20 GeV [15]. Therefore, the J-PARC in Japan is sufficient to generate a variety of
hidden charm baryons and will surely offer another powerful tool besides PANDA/FAIR to search for the N∗cc¯(4261)
resonance. On the theoretical side, the authors of Ref. [16] have explored the production ofN∗cc¯(4261) in the π
−p→ ηcn
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2process, and they found that a clear peak, easily distinguished from background, is shown in the total cross section at
the center-of-mass energy W ≈ 4.3 GeV. Moreover, in Ref. [17], the role of the N∗cc¯(4261) resonance was investigated
in the π−p→ D−Σ+c reaction, and it was found that the N∗cc¯(4261) resonance results in a significant enhancement of
the total cross section near threshold.
Inspired by the above two theoretical works [16, 17], since the N∗cc¯(4261) can also decay into the open channel
J/ψN according to Refs. [11–13], here we study the role and production of the hidden charm N∗cc¯(4261) resonance in
the π−p→ J/ψn reaction, based on an effective Lagrangian approach and isobar model.
The article is organized as follows. After the introduction, we give the formalism and ingredients used in our
calculations. The numerical results and discussion are presented in Section III. Finally, the article ends with some
conclusions.
II. FORMALISM AND INGREDIENTS
In this work, we employ the effective Lagrangian approach together with the isobar model to study the π−p→ J/ψn
process. All the Feynman diagrams of tree level involved for this process are depicted in Fig. 1. The hidden charm
N∗cc¯(4261) (≡ N∗) resonances are produced as intermediate states via s and u channels as shown in Fig. 1(a) and
Fig. 1(b), respectively. Besides, we have to add the main background contributions for the creation of N∗cc¯(4261) in
our calculations. For this purpose, the production of the intermediate virtual nucleon is also considered with the same
mechanism as the production of N∗cc¯(4261).
pi−
p
J/ψ
n
N∗, N
n
J/ψ
pi−
p
N∗, N
(a) (b)
FIG. 1: Feynman diagrams considered in the pi−p→ J/ψn reaction.
In the theoretical frame of Refs. [11–13], only S-wave interactions of mesons and baryons are considered to dynam-
ically generate the N∗cc¯(4261), so its spin-parity J
P is set to be 1/2−. To evaluate the amplitudes of diagrams in
Fig. 1 within the isobar model, we need to know the effective Lagrangians involving the N∗cc¯(4261) resonance. Here
we apply a Lorentz covariant orbital-spin (L-S) scheme for N∗NM couplings to get the effective N∗cc¯(4261)Nπ and
N∗cc¯(4261)NJ/ψ vertices appearing in the Feynman diagrams depicted in Fig. 1. In this covariant L-S scheme [18],
the effective N∗NM Lagrangians were constructed for excited nucleon states N∗ of arbitrary spin-parity (such as
1/2−) decaying into the meson-nucleon final states with a definite orbital angular momentum, and the pure S-wave
N∗NM couplings given there are just suitable for the case of N∗cc¯(4261). These S-wave couplings have already been
used to explore the photoproduction of N∗cc¯(4261) and other hidden charm baryons in Ref. [14]. The explicit forms
of the effective N∗cc¯(4261)Nπ and N
∗
cc¯(4261)NJ/ψ couplings adopted in this work are taken from Ref. [14] directly,
given by
LN∗
cc¯
(4261)Npi = gN∗
cc¯
(4261)NpiuN~τ · ~ψpiuN∗
cc¯
(4261) + h.c., (1)
LN∗
cc¯
(4261)NJ/ψ = igN∗
cc¯
(4261)NJ/ψuNγ5
(
γµ − qµ 6q
q2
)
ψµJ/ψuN∗cc¯(4261) + h.c., (2)
where uN , uN∗
cc¯
(4261), ψpi, and ψ
µ
J/ψ denote the wave functions for the nucleon, N
∗
cc¯(4261) resonance, π and J/ψ-meson,
respectively, q is the four momentum of the N∗cc¯(4261) resonance, ~τ is the Pauli matrix. We take the coupling constant
gN∗
cc¯
(4261)Npi = 0.103 from Refs. [16, 17], which was determined by the predicted partial decay width of the N
∗
cc¯(4261)
resonance to the πN channel, Γ (N∗cc¯(4261)→ Nπ) = 3.8 MeV given by Ref. [12]. In addition, we can get the coupling
constant gN∗
cc¯
(4261)NJ/ψ from the formula for the spin-averaged transition probability of N
∗
cc¯(4261) decaying into a
nucleon and a J/ψ:
1
2
∑
spins
|M (N∗cc¯(4261)→ NJ/ψ) |2 =
g2N∗
cc¯
(4261)NJ/ψ(EN +mN )((MN∗cc¯(4261) − EN )2 + 2m2J/ψ)
2mNm2J/ψ
, (3)
3with
EN =
M2N∗
cc¯
(4261) +m
2
N −m2J/ψ
2MN∗
cc¯
(4261)
, (4)
with EN as the energy of the nucleon in the rest frame of the N
∗
cc¯(4261) resonance. Ref. [13] has predicted
the spin-averaged transition probability 12
∑
spins |M (N∗cc¯(4261)→ NJ/ψ) |2 = |gi (N∗cc¯(4261)→ NJ/ψ) |2 with
|gi (N∗cc¯(4261)→ NJ/ψ) | = 0.76. Thus we obtain gN∗
cc¯
(4261)NJ/ψ = 0.417 with MN∗
cc¯
(4261) = 4261.87 MeV [13].
The effective Lagrangian densities for describing the NNπ and NNJ/ψ vertices are introduced as
LNNpi = igNNpiuNγ5~τ · ~ψpiuN , (5)
LNNJ/ψ = −gNNJ/ψuNγµψµJ/ψuN , (6)
with gNNpi = 13.45 as used in Refs. [16, 19]. Besides, in this work we adopt the same value of the coupling constant
gNNJ/ψ = 1.62×10−3 as in Refs. [20, 21], which was estimated by the measured partial decay width of J/ψ → pp¯ [22].
To take the virtuality of the nucleon pole and N∗cc¯(4261) resonance into account, we introduce the same form factor
for each intermediate baryon as taken in Refs. [23–25]:
FB(q
2) =
Λ4B
Λ4B + (q
2 −M2B)2
, (7)
with q being the four momentum of the intermediate baryon, namely the nucleon or N∗cc¯(4261) in s-channel or u-
channel. MB and ΛB are the mass and cut-off parameter for the intermediate baryon, respectively. In our concrete
calculations, we use all the cut-off parameters ΛB = ΛN = ΛN∗
cc¯
(4261) = 2.5 GeV for both s and u channels in order
to minimize the free parameters, as done in Ref. [17].
In our amplitude calculations of Feynman diagrams in Fig. 1, we adopt the propagators for the intermediate nucleon
and N∗cc¯(4261) resonance as the following:
GN∗
cc¯
(4261)(q) =
6q +MN∗
cc¯
(4261)
q2 −M2N∗
cc¯
(4261) + iMN∗cc¯(4261)ΓN∗cc¯(4261)
, (8)
GN (q) =
6q +MN
q2 −M2N
, (9)
with MN∗
cc¯
(4261) = 4261.87 MeV and ΓN∗
cc¯
(4261) = 56.9 MeV according to Refs. [11–13].
After the effective Lagrangian densities, coupling constants, form factors and propagators fixed, the amplitudes for
various diagrams shown in Fig. 1 can be written down straightforwardly by following the Feynman rules. We present
the explicit expression of each amplitude for the intermediate nucleon or N∗cc¯(4261) (≡ N∗) production via s-channel
or u-channel as the following:
MN∗s =
√
2gN∗NpigN∗NJ/ψFN∗(q
2
s)εµ(pJ/ψ)u¯(pn)γ5
(
γµ − q
µ
s 6qs
q2s
)
GN∗(qs)u(pp), (10)
MN∗u =
√
2gN∗NpigN∗NJ/ψFN∗(q
2
u)εµ(pJ/ψ)u¯(pn)GN∗(qu)γ5
(
γµ − q
µ
u 6qu
q2u
)
u(pp), (11)
MNs =
√
2gNNpigNNJ/ψFN (q
2
s)ε
µ(pJ/ψ)u¯(pn)γµGN (qs)γ5u(pp), (12)
MNu =
√
2gNNpigNNJ/ψFN (q
2
u)ε
µ(pJ/ψ)u¯(pn)γ5GN (qu)γµu(pp), (13)
where u(pp), u(pn) and ε
µ(pJ/ψ) stand for the spin wave functions of the initial proton, outgoing neutron and J/ψ-
meson in the final state, respectively. Here the subscripts s and u refer to the s and u channels for the π−p→ J/ψn
process, respectively. And the total amplitude for the π−p → J/ψn reaction is just the simple sum of the four
amplitudes given above, namely M =MN∗s +MN
∗
u +MNs +MNu .
Then the unpolarized differential cross section in the center of mass (c.m.) frame for the π−p → J/ψn reaction is
given by the expression
dσ
dcosθ
=
mpmn
16πs
|~p c.m.J/ψ |
|~p c.m.pi |
∑
spins
|M|2, (14)
where s = q2s = W
2 is the Lorentz-invariant Mandelstam variable, and θ represents the scattering angle of the outgoing
J/ψ-meson relative to the pion beam direction in the c.m. frame, while ~p c.m.pi and ~p
c.m.
J/ψ are the three momenta of π
−
and J/ψ in the c.m. frame.
4III. NUMERICAL RESULTS AND DISCUSSION
With the formalism and ingredients determined in the former section, we calculated the total cross section versus
the invariant mass W =
√
s of the π−p system for the π−p → J/ψn reaction. Figs. 2 and 3 show our theoretical
results for W ranging from threshold to 4.8 GeV.
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FIG. 2: Total cross section vs W =
√
s for the pi−p→ J/ψn reaction compared with the signal and background contributions.
The solid, dotted and dashed lines stand for the total cross section, the signal contribution from N∗
cc¯
(4261) and the background
contribution from nucleon pole, respectively.
In Fig. 2, the total cross section including all the diagrams shown in Fig. 1 is presented along with the signal
contribution from N∗cc¯(4261) production and the background contribution from intermediate nucleon production for
comparison. The numerical results for the total cross section, the signal and background contributions are represented
by solid, dotted and dashed curves, respectively. A peak due to N∗cc¯(4261) production via s-channel is clearly visible
in the total cross section at center-of-mass energies around 4.3 GeV. And it is worth noting that the total cross section
can reach up to approximately 11 µb around 4.3 GeV. Moreover, it is found that the background makes several orders
of magnitude smaller contribution to the total cross section than the signal for W between 4.1 and 4.4 GeV hence its
contribution is negligible, which causes the coincidence of solid and dotted lines for the total cross section and the
signal in Fig. 2.
In Fig. 3, individual contributions from N∗cc¯(4261) productions through s and u channels are shown by solid and
dashed curves, respectively; while contributions corresponding to s and u-channel productions of the nucleon pole
are demonstrated by dotted and dot-dashed lines, respectively. The contribution from the N∗cc¯(4261) production
via s-channel is found to be dominant over the whole energy region, and there exists explicit cusp structure. In
comparison, contribution from the N∗cc¯(4261) production via u-channel is extremely small. This is mainly because q
2
u
of the N∗cc¯(4261) keeps negative for any W =
√
s, after subtracting the square of large N∗cc¯(4261) mass, which leads to
strong suppression of its propagator. The contribution from the intermediate nucleon production through s-channel
is comparable to that from N∗cc¯(4261) production via u-channel and hence can be ignored, partly because this process
is OZI suppressed, and partly because the center-of-mass energy of the nucleon pole is above 4.0 GeV, far away from
the nucleon mass-shell. Furthermore, from Fig. 3, we can see that the u-channel production of the nucleon pole forms
the most important background for π−p→ J/ψn, although its contribution is still much smaller than the total cross
section.
In addition to the total cross section, we have also evaluated the differential cross section of this reaction as a
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FIG. 3: Contributions of various components as a function of W for the pi−p → J/ψn reaction. The solid and dashed
lines denote contributions from s and u-channel N∗
cc¯
(4261) productions, respectively; while the dotted and dot-dashed curves
represent contributions from intermediate nucleon productions via s and u channels, respectively.
function of cosθ for two energy points. Since the N∗cc¯(4261) peak dominates the total cross section around 4.3 GeV, it
is interesting to further explore the corresponding differential cross section at this energy point. Then the contribution
from the s-channel N∗cc¯(4261) production drops steeply as energy increases and the background contribution becomes
important around 4.8 GeV. The results of differential cross section for center-of-mass energies W = 4.3 and 4.8 GeV
are demonstrated in Fig. 4(a) and Fig. 4(b), respectively. We noted that the angular distribution of the final J/ψ
for W = 4.3 GeV is flat, owing to the dominance of the s-channel N∗cc¯(4261) production and only S-wave involved
in N∗cc¯(4261) decays. While the differential cross section at W = 4.8 GeV deviates sizably from the flat distribution,
especially for backward scattering angles, which indicates the more important role of the u-channel production of the
nucleon pole as the largest background for the differential cross section aroundW = 4.8 GeV. We suggest the J-PARC
test all the predictions given here in future experiments.
IV. CONCLUSIONS
In the present work, we have made a theoretical study of the N∗cc¯(4261) production via π
−p scattering. Working
with an effective Lagrangian approach and resonance model, we computed the total and differential cross sections of
the π−p→ J/ψn reaction by including contributions from both N∗cc¯(4261) and nucleon pole. The results for the total
cross section show that its crest value can exceed 11 µb and a strong N∗cc¯(4261) signal appears around 4.3 GeV, which
is well distinguished from the background. For the background contribution, we found it mainly comes from the u-
channel production of the nucleon pole. Furthermore, it should be noted that the dependence of the differential cross
section on the scattering angle for the background is quite different from that for the N∗cc¯(4261) signal at backward
scattering angles.
Our theoretical study here suggests that the π−p → J/ψn reaction provides a very good place for looking for and
studying the N∗cc¯(4261) resonance. Theoretical predictions given in this article would provide valuable information
for identifying the relevant physics of the N∗cc¯(4261) resonance in the future experiments. Therefore we suggest the
J-PARC pay good attention to the search for this hidden charm baryon in the π−p→ J/ψn channel. If it is observed,
the information on the N∗cc¯(4261)NJ/ψ coupling may shed some light on the nature of the N
∗
cc¯(4261) resonance.
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FIG. 4: Differential cross sections of pi−p → J/ψn reaction at W = 4.3 GeV (a) and 4.8 GeV (b) in the c.m. frame, where
”Total” represents differential cross section including both signal and background contributions.
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